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(54) A pyrolytieally coated glazing panel 



(57) A pyrolytieally coated glazing panel, in which the reflected colour rennains substantially constant as 
changes in the relative thicknesses of the coating layers are made In order to optlnnise optical properties, 
comprises a vitreous material substrate, an undercoat layer comprising a nitride selected from nitrides of 
titanium, zirconium, niobium and mixtures of two or more thereof and an exposed transparent overcoat layer 
adjacent said undercoat layer comprising an oxide. The panel is characterised In that the total geometrical 
thickness of the undercoat and overcoat layers is between 20 nm and 55 nm. The oxide of the overcoat layer is 
selected from oxides of aluminium, silicon, magnesium, tin, zinc, zirconium, titanium, bismuth, niobium and 
mixtures thereof. A further coating layer may be positioned between the undercoat layer and the substrate. 
This may be silicon oxide and have a thickness of 5 - 10 nm. 



O 

CD 

ro 

IS3 
CD 



o 

CJl 
CO 




2291653 

1 

A pyrolytically coated glazing panel 

This invention relates to transparent solar control glazing panels. 
In particular, the invention relates to a pyrolytically coated glasdng panel 
comprising a substrate, an undercoat layer comprising a nitride and an exposed 
transparent overcoat layer adjacent said undercoat layer comprising a metal 
5 oxide. 

Pyrolysis generally has the advantage of producing a hard coating, 
which precludes the need for a protective layer. The coatings formed by 
pyrolysis have durable abrasive- and corrosion-resistant properties. It is believed 
that this is due in particular to the fact the process involves depositing of coating 

70 material onto a substrate which is hot. Pyrolysis is also generally cheaper than 
alternative coating processes such as sputtering, ^particularly in terms of the 
investment in plant The deposit of coatings by other processes, for example by 
sputtering, lead to products with very different properties, in particular a lower 
resistance to abrasion and occasionally a different refractive index. 

75 Reflective transparent solar control glazing panels have become a 

useful material for architects to use for the exterior facade of buildings. Such 
panels have aesthetic qualities in reflecting tfie immediate environment and, 
being available in a number of colours, in providing a design opportunity. Such 
panels also have technical advantages by pro\riding the occupants of a building 

20 with protection against solar radiation by reflection and/or absorption and 
eliminating tiie dazzling effects of intense sunshine, giving an effective screen 
against glare, enhancing visual comfort and reducing eye fatigue. There exist a 
number of documents which describe glazing panels having a coating providing 
protection against solar radiation. Thus in EP-A-239280 (Gordon) there are 

25 described transparent glass sheets comprising thereon titanium nitride of at least 
30 nm thickness as the principal solar screening layer for reducing transmission in 
the near infrared and thereover a layer of tin oxide of about 30 to 80 nm 
thickness. The tin oxide serves to protect the titanium nitride from oxidation and 
increases abrasion resistance. 

30 It is known that, by changing the relative thicknesses of coating 

layers, changes in optical properties will result. Thus, in order to optimise optical 
properties, it is desirable to make use of particular relative thicknesses of the 



coating layers. However, it is generally expected that, for a given selection of 
coating materials, changes in coating thickness result In changes the dominant 
wavelength (Le. colour) of reflected light. For example, in a solar control glaang 
panel comprising a flrst coating of titanium nitride and a layer of iron, cobalt and 
5 chromium oxides, a variation in the colour of reflected light is found when the 
thickness of the oxide layer is changed. Thus, measurement of the properties of 
samples of such panels carrying coatings formed by chemical vapour deposition 
on 4 mm glass were found to be as set out in the following Table I. 
TABLE! 



SAMPLE: 


A 


B 


Nitride 


TiN 


TiN 


Thickness (nm) 


45 


45 


Oxide 


s 


s 


Thickness 


32.5 


45 


Tl(%) 


14 


12 


iFS (%) 


26 


26 


irl(%) 


28 


24 


1Tl/FS 


0.53 


0.45 


Reflected colours horn coated side 


grey 


blue 


Purity (%) 


5 


15 



70 ^ =^ as measured from ttie un-coated side. 

s = Nfixture of iron, cobalt and chromium oxides in the weight 
propbrfions of 26:61:13. 

It is an object of the present invention to provide pyrolytically 
coated glazing panels in which the reflected colour remains substantially constant 
16 as changes in the relative thicknesses of the coating layers are made in order to 
optimise optical properties. 

We have now surprisingly discovered that this object can be 
achieved, for specific coating materials applied at a specific total coating 
thickness. 

20 According to a first aspect of the invention there is provided a 

pyrolytically coated glazing panel comprising a substrate, an undercoat layer 
comprising a nitride selected from nitrides of titanium, zirconium, niobium and 
mixtures of two or more tfiereof and an exposed transparent overcoat layer 
adjacent said undercoat layer comprising an oxide, characterised in that the total 

25 geometrical thickness of the undercoat and overcoat layers is between 20 nm and 
55 nm. 
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The substrate is preferably in the form of a ribbon of vitreous 
material, such as glass or some other transparent rigid material. In view of the 
proportion of incident solar radiation which is absorbed by the glazing panel, 
especially in environments where the panel is exposed to strong or long-term 
5 solar radiation, there is a heating effect on tiie glass panel which may require that 
the glass substrate be subsequently subjected to a toughening process. However, 
tiie durability of the coating enables the glazing panel to be mounted with the 
coated face outermost thus reducing the heating effect. 

Preferably, the substrate is clear glass, although the invention abo 

70 extends to the use of coloured glass as the substrate. 

Preferab^ the geometrical thickness of the undercoat layer is 
between 10 nm and 50 nm. This thickness range is particularly suitable for 
industrial manufacture, and allows an effective anti-solar effect to be obtained 
while maintaining a sufficient level of luminous transmission of the panel. 

75 Preferably the geometrical thickness of the overcoat layer is 

between 9 nm and 35 nm. preferabty from 15 to 35 nm. The refractive index of 
the overcoat layer is preferably from 1.8 to 2.7. The material of tiie transparent 
overcoat layer includes materiab which have a "refractive index" n{X) which is 
greater than, preferably substantially greater than the value of the "spectral 

20 absorption index" k{X) over the whole of the visible spectrum (380 to 780 nm). 
Definitions of refractive index and spectral absorption index can be found in 
International Lighting Vocabulary, published by the International Commission on 
Illumination (CIE), 1987, pages 127, 138 and 139. In particular, we have found 
advantage in choosing a material for which the refractive index n(X) is greater 

25 than 10 times the spectral absorption index k(X) over the wavelength range 380 
to 780 nm. The overcoat layer is preferably an oxide layer. The transparent 
material of the overcoat layer may be independently selected from oxides of 
aluminium, bismuth, magnesium, niobium, silicon (both SiOx and SiP2), tin, 
titanium {both rutile and anatase), zinc and mixtures of two or more thereof. The 

30 following table lists the refractive index n(X) and the spectral absorption index 
k(X) of a number of suitable transparent materials over the range 380 nm to 780 
nm. 



TABLE II 



Material 




k(X,) 


MaO 


1.77 - 1.73 


0* 


* 


2 Q -2 3 


0* 




0 go . 0 4Q 


0 1-0* 

V/. X " w 




2.64-2.31 


0* 


ZnO 


2.3 -2.02 


0.08-0.001 


Sn02 


1.94 - 1.85 


0* 


AI2Q3 


1.79 - 1.76 


0* 


Si02 


1.47-1.45 


o* 


Zr02 


2.1 


0* 


SiOv 


1.7 


0* 



Note: 

r =f rutile form 
5 a = anatase form 

0* means less than 10"3 

It is particularly preferred that the material of the transparent 
coating layer is titanium oxide and/or stannic oxide. The transparent coating 
layer is an outer layer, and for this reason stannic oxide is beneficial if a higher 
70 resistance to abrasion is required, such as where the panel is positioned with the 
coated fece outermost 

In preferred embodiments of the invention, the nitride of the 
undercoat layer comprises titanium nitride and the oxide of the overcoat layer 
comprises tin oxide. 

75 It should be noted that in the oxide or nitride material layers, it is 

not essential for the metal and the oxygen or nitrogen to be present in 
stoichiometric proportions. 

From a technical point of \new. it is desired that the gladng panel 
shall not pass too great a proportion of total incident solar radiation in order that 

20 the interior of the building shall not become overheated in sunny weather. The 
transmission of total incident solar radiation may be expressed in terms of the 
"solar factor". As used herein, the term "solar factor" means the sum of the total 
energy directiy transmitted and the energy which is absorbed and re-radiated on 
the side away from the energy source, as a proportion of the total radiant energy 

25 incident of the coated glass. The glaang panels according to the invention have a 
solar factor (FS) of less than 70%, preferably less than 60%. 



It is also desired that the glazing panel shall also transmit a 
reasonable proportion of visible light in order to allow natural illumination of the 
interior of the building and in order to allow its occupants to see out The 
transmission of visible li^t may be expressed in terms of the "transmission factor" 
6 as a proportion of the incident light felling on the coated substrate. Thus it is 
desirable to increase the selectivity of the coating, that is to increase the ratio of 
the transmission factor to the solar factor. Preferably, the light transmission factor 
(Tl) of the panel according to the invention is between 30% and 65%. . 

Preferably, the panel has a mean ultra violet transmission (Tyv), 
10 over the ultra violet spectrum (280 nm to 380 nm), of less than or equal to 45%, 
most preferably less than or equal to 20%, which can be beneficial in reducing 
damage to light sensitive materials inside the building. 

We prefer that the composition and thickness of the undercoat and 
overcoat layers are such that the dominant wavelength reflected from the un- 
15 coated side of the panel in the visible region lies within the range of 470 to 490 
nm (blue). From an aestiietic point of view, it is preferred to provide glazing 
panels with a bhie colour in reflection. Where buildings have a relatively large 
glazed area and ako where high buildings are concerned, a blue reflected colour 
pro\rfdes a less obtrusive appearance to the observer. In other embodiments, 
20 glazing panels with a neutral aspect are formed. 

The reflectivity of visible light (Ri) from the un-coated side is 
preferably from 10% to 30%. Preferably the purity of colour reflected from said 
un-coated side is greater than 5%, preferably at least 8% most preferably at least 
15%, such as between 19% and 22%. The purity of a colour is defined according 
25 to a linear scale where a defined white light source has a purity of zero and the 
pure colour has a purity of 100%. By the term "colour purity" as used herein, we 
mean excitation purity measured with llluminant C as defined in International 
Lighting Vocabulary, published by the International Commission on Illumination 
(CIE), 1987, pages 87 and 89. 
30 The overcoat layer may be selected to pro\4de enhancement of the 

purity of colour reflected from the un*^ated side of the panel, in comparison 
with a similar panel which is not provided with the oxide overcoat. Thus, for 
example, a glazing panel provided with a 40 nm thick coating of titanium nitride 
has a grey-blue colour (purity = 5%) in reflection from the un-coated side, 
35 whereas when an overcoat of 10 nm thick tin oxide is applied thereon the panel 
takes on a blue appearance from the un-coated side and the purity of colour rises 
to 8%. In the case of a 20 nm thick UN coating, an overcoat of 20 nm Sn02 
increases the purity of colour from 15% to 21%. 



In one embodiment of the invention, no other coating layers will be 
present. Thus, the first layer is coated directly on the substrate. However, in an 
alternative embodiment of the invention the panel may further comprise a further 
coating layer positioned between said undercoat layer and said substrate. In 
5 particular, in order to reduce interaction between the reagents and the substrate 
during formation of the nitride layer, a coating layer of silicon oxide may be 
applied, as described in British patent specifications GB 2234264 and GB 
2247691 (Glaverbel). The geometrical thickness of said further layer may be 
between 50 and 100 nm. 
10 According to a second aspect of the invention, there is pro\nded a 

process for forming a coated glazing panel comprising the steps of: 

(i) forming an undercoat layer over a substrate by pyrolysis, 
said undercoat layer comprising a nitride selected from nitrides of titanium, 
zirconium, niobium and mixtures of two or more thereof; and 
15 (ii) fonming an exposed transparent overcoat layer adjacent 

said undercoat layer by pyrolysis, said overcoat layer comprising an oxide; 

characterised in that the coating of said undercoat and overcoat 
layers is such that the total geometrical thickness thereof is between 20 nm and 
55 nm. 

20 The panels according to the invention may be installed in single or 

multi-glazed assemblies. The coated surface of the panel may be the inside 
surface of ttie exterior glazing panel. In this way the coated surface is not 
exposed to the ambient weatiier conditions which might otherwise more rapidly 
reduce its life by soiling, physical damage and/or oxidation. Coatings produced 

25 by pyrolysis generally have a greater mechanical resistance than coatings 
produced by other methods and they may be exposed to the atmosphere. The 
panels according to the invention may usefully be employed in laminated glass 
structures, for example where the coated surface is the inside surface of the 
exterior laminate. 

30 The glazing panels according to the invention may be 

manufactured as follows. Each pyrolytic coating step may be carried out at a 

temperature of from 550^C to 750^C. 

The coatings can be formed on a sheet of glass which moves in a 

tunnel oven or on a glass ribbon during formation, whilst it is ^tiil hot The 
35 coatings can be formed inside the lehr which follows the glass ribbon forming 

device or inside the float tank on the top face of tiie glass ribbon whilst the latter 

is floating on a bath of molten tin. 



The coating layers are preferably applied to the substrate by 
chemical vapour deposition. Chemical vapour deposition is particularly preferred 
because it tends to lead to coatings of regular thickness and composition, 
uniformity of the product being particularly important where the glazing panels 
S are to be used over large areas. With the use of liquids as the reactant materials, 
one cannot act over the vaporisation process. Furthermore, chemical vapour 
deposition is more economic in terms of raw materials, leading to lower weistage. 

To form each coating, the substrate is brought into contact, in a 
coating chamber, with a gaseous medium comprising one or more substances in 
70 the gaseous phase. The coating chamber is fed with a reagent gas through one or 
more nozzles, the length of which is at least equal to tiie width to be coated. 
Depending on the type of coating to be formed and the reactivity of the 
substances used, if several substances have to be used, these are distributed 
either in the form of a mixture by a single ejection nozzle in the coating chamber, 
75 or separately by several ejection nozzles. 

Methods and devices for forming such a coating are described for 
example in French patent No 2 348 166 (BFG Glassgroup) or in French patent 
application No 2 648 453 Al (Glaverbel). These methods and devices lead to 
the formation of particularly strong coatings with advantageous optical 
20 properties. 

To form coatings of tin oxide Sn02 or titanium dioxide TiP2, two 
successive nozzles are used. The reagent carrying the metal (Sn or Ti), fed in at 
the first nozzle, is a tetrachloride, liquid at ambient temperature, vaporised in a 
current of anhydrous carrier gas at an elevated temp)erature. Vaporisation is 

25 facilitated by the atomisation of these reagents in the carrier gas. To produce the 
oxide, the molecules of tetrachloride are brought into the presence of water 
vapour conducted to the second nozzle. The water vapour is superheated and is 
also injected into a carrier gas. Sn02 may be formed for example using the 
proportions of SnCl4 and H2O given in British patent specification GB 2026454 

30 (Glaverbel). 

If desired, a dopant such as HF is added to the water vapour in 
order to form a conductive tin oxide coating. 

Coatings of silicon oxide Si02 or SiO^ may be deposited from 
silane SiH} and oxygen in accordance with the descriptions in British patent 
35 specifications GB 2234264 and GB 2247691, referred to above. 

The invention will now be described in more detail, with reference 
to the foUowing non-limiting examples. 




EXAMPLEl 

A substrate consisting of a 4 mm thick sheet of clear soda-Ume glass 
was coated by pyrolysis in the following manner. An apparatus comprising two 
5 successive nozzles is used. A reagent comprising T1CI4, vaporised in a current of 
anhydrous nitrogen gas at about 600^*0, Is fed in at the first nozzle. Vaporisation 
is facilitated by the atomisation of these reagents in the carrier gas. Ammonia gas 
is conducted to the second nozzle. The ammonia is heated to about 600°C, and 
is also injected into a carrier gas, which is air heated to about 600**C. The flow 
70 rate of gas (carrier gas + reagent) in each nozzle is 1 m^/cm width of 
substrate / hr, at the operating temperature. 

The coating process was continued until the geometrical thickness 
of the coating formed on the substrate was 11 nm. The substrate was then 
subjected to a second coating. A reagent consisting of stannic chloride, vaporised 
15 in a current of anhydrous nitrogen gas at about 600 "^C, is fed in at the first 
nozzle. Water vapour is conducted to the second nozzle. The water vapour is 
superheated to about and is also injected into a carrier gas, which is air 

heated to about eOCYT. The flow rate of gas (carrier gas + reagent) in each 
nozzle is 1 m^/cm uddth of substrate/hr, at the operating temperature. 
20 The second coating process was continued until the geometrical 

thickness of the tin oxide coating formed on the substrate, superimposed on the 
nitride coating layer, was 30 nm. 

As a variation of Example 1, a silicon 03dde coating layer is formed 
on the substrate before formation of tiie TiN layer. This permits to reduce 
25 interaction between T1CI4 and the substrate. The glass is coated in a coating 
station located at a position along the float chamber where the glass is at a 
temperature of about 700^C. The supply line is fed with nitrogen, and silane is 
introduced thereto with a partial pressure of 0.25%, and oxygen is introduced 
with a partial pressure of 0.5%. The layer formed is of silicon dioxide about 
30 70 nm in thickness. 

The glazing panel described above had an intense blue colour on 
reflection from the un-coated side. Various properties of thie panel were 
measured and found to be as set out in Table III below. 

EXAMPLES 2 TO 7 

35 Using a similar process to that described in Example 1, other 

samples were prepared. Details of the coatings and the properties of the panels 
so formed were as set out in Table III below: 



TABLE III 



EXAMPLE: 


1 


2 


3 


4 


5 


6 


7 


Nitride 

l^lU LUC 


TIN 


TiN 


TiN 


TiN 


TIN 


TiN 


TiN 


Thickness (nm) 


11 


15 


20 


25 


31 


40 


31 


Tolerance 


15 


6 


12 


8 


10 


4 


4 


Oxide 


SnOg 


Sn02 


Sn02 


Sn02 


Sn02 


Sn02 


TiOga 


Thickness 


30 


27.5 


20 


17.5 


10 


10 


10 




7 


3 


12 


9 


15 


16 


15 


Tt (%) 


52 


45 


37 


31 


25 


19 


25 


IpS (%) 


55 


49 


42 


38 


34 


29 


34 


irl(%) 


15 


17 


17 


20 


21 


25 


21 


1Tl/FS 


0.96 


0.93 


0.86 


0.81 


0.73 


0.65 


0.73 


Tuv(%) 


39.5 




24.8 


19.8 




9.9 




Reflected colours 






— neutral from the coated side /blue from 














2purity (%) 


22 


22 


21 


19 


15 


8 


15 



a ^ anatase form 

1 = as measured from the un-coated side 
5 2 . "purity" means the purity of the colour as measured by 

reflection from the un-coated side 

The tolerances quoted In the above Table III are the variations in 
coating thicknesses which are possible without having a perceptible effect on the 
properties of the finished product. 
70 The above Examples 1 to 6 demonstrate that, for a substantially 

constant total coating thickness, changes in optical properties can be obtained by 
variations in the relative thicknesses of the nitride and oxide layers while the 
reflected colour remains substantially constant. Example 7 demonstrates the 
properties obtainable when the tin o^de of Examples 1 to 6 is replaced by 
15 anatase. Similar results can be obtained if the titanium nitride is replaced by 
zirconium nitride or niobium nitride. 
EXAMPLES 

In a further example, a solar control glazing panel having a neutral 
aspect is formed. The coating layers are the same as in Example 1, but the 
20 glazing panel is \4ewed from the coated side instead of from the un-coated side. 
The measured properties were: 




Tl = 52% 
Fs = 53% 
RL = 14% 
Ti/Fs = 0.98 
5 Tuv = 39.5% 

The dominant wavelength in reflection from the coated side was 
491 nm. a purity of 3.9% (neutral aspect). 



CLAIMS 



1. A pyrolytically coated glazing panel comprising a substrate, an 
undercoat layer comprising a nitride selected from nitrides of titaniumt zirconium, 
niobium and mixtures of two or more thereof and an exposed transparent 
overcoat layer adjacent said undercoat layer comprising an oxide, characterised 
5 in that the total geometrical thickness of the undercoat and overcoat layers is 
between 20 nm and 55 nm. 

2. A glazing panel according to claim 1, wherein the geometrical 
thiclaiess of the undercoat layer is between 10 nm and 50 nm. 

3. A glazing panel according to claim 1 or 2, wherein the 
10 geometrical thickness of the overcoat layer is between 9 nm and 35 nm, 

preferably from 15 to 35 nm. 

4. A glazing panel according to any preceding claim, wherein the 
refractive index of the overcoat layer is from 1.8 to 2.7. 

5. A glazing panel according to any preceding claim, wherein the 
75 oxide of the overcoat layer is selected from oxides of aluminium, silicon, 

magnesium, tin, zinc, zirconium, titanium, bismuth, niobium, and mixtures of two 
or more thereof. 

6. A glazing panel according to any preceding claim, wherein the 
overcoat layer is selected to provide enhancement of the purity of colour 

20 reflected from the un-coated side of the panel 

7. A glazing panel according to cbim 6, wherein the nitride of the 
undercoat layer comprises titanium nitride and tiie oxide of the overcoat layer 
comprises tin oxide. 

8. A glazing panel according to any preceding claim, wherein the 
26 composition and thickness of the undercoat and overcoat layers are such that the 

dominant wavelength reflected from the un-coated side of the panel in the visible 
region lies within the range of 470 to 490 nm. 

9. A glazing panel according to claim 8, wherein the purity of 
colour reflected from said un-coated side is greater than 5%. 

30 10. A glazing panel according to any preceding claim, further 

comprising a further coating layer positioned between said undercoat layer and 
said substrate. 

11. A glazing panel according to claim 10, wherein the geometrical 
thickness of said further layer is between 50 and 100 nm. 



12. A glazing panel according to claim 10 or 11, wherein said 
further layer is comprised of an oxide. 

13. A glazing panel according to claim 12« wherein the said further 
layer is comprised of silicon oxide. 

5 14. A process for forming a coated glazing panel comprising the 

steps of: 

(i) forming an undercoat layer over a substrate by pyrolysis, 
said undercoat layer comprising a nitride selected from nitrides of titanium, 
zirconium, niobium and mixtures of two or more thereof; and 
10 (ii) forming an exposed transparent overcoat layer adjacent 

said undercoat layer by pyrolysis, said overcoat layer comprising an oxide; 

characterised in that the coating of said undercoat and overcoat 
layers is such that the total geometrical thickness thereof is between 20 nm and 
55 nm. 

15 
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